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28F016sA

A 3/5# input
for optimized

1.0 INTRODUCTION

The documentation of the lntel 28F016S4 memory

;;;;;d;;'ihis datasheet' a detailed user's

it""ii""l,"lJ"-numuer ot applitation notes' all of

ffi#;;;;f*"nced at the tnd of this datasheet'

The datasheet is intended to give an overview of the

.ni-"iJ"t"i"-i.t 
"nd 

of the operating AC/D-C specifi-

""ii"irt'in" 
io-Mbit Flash Prcduct Family user's

il?nir"J prouia"" complete descriptions 9]^1f -t::'
moOes, iystem interlace examp es and detalleo oe-

;;i;;;i all principles of operation' lt.also. con-

;i;;'iri; rurr Gi ot software alsorithm flowcharts'

and a brief section on conpitiuitity with lntel

28F008S4.

lnternal algorithm automation allows word/byte

*rli"" ana ito"k erase operations to be executed

;';i;;a-truo;1te command sequence to the cul in

il11'';;;'". in" zerooebA g-Mbit FrashFile

memory.

A suoerset ol commands have been added to the

i*"iJleF608sn command-set to achieve higher

;#;;"-;;ce and provide additional capabili-

ii"i]irl.i"' ""* 
commands and features include:

. Page Buffer Writes to Flash

o Command Queueing Capability

o Automatic Data Writes during Erase

. Software Locking of Memory Blocks

. Two-Byte Successive Writes in 8-bit Systems

o Erase Ali Unlocked Blocks

writino of memory data is performed in eithe-r-byte or

;#'i";;;;;is'tvpicallv within 6 ps' a 33% irn-

oro*t"nt over the 2SFOOBSA' A block erase oper-

;il;;;;;; """ 
ol the 32 blocks in tvpicallv 0'6 s-ec'

;U;;;;the otner blocks' which is a 65%

itptbu.t"nt over the 28Foo8SA'

Each block can be written and erased a minimum of

ioo:000 ;v"l;4. Systems can achieve typicallv one-

.iiiiL" ir.Lr. Li"sd cyctes uy providing wear-leveling

;il;ft#; ;;d 
-qraleful 

block retirement' rhese

;;;;;"" trave-akeady been employed in.many

;ffiTiL-""fi;s. Aoditionattv' wear levelins.,ol

ffi;i ;r-ase, 
"tcles 

can be used to minimize the

;tidl;;.;p;'*;imance differences across blocks'

The 28F016SA incorporates two Page Buffers of

iso uvt"-" iiie words). each to allow page data

writes. tnis ieature can improve a system.write.per-

f.il;;;;;v ;t to 4'8 times over previous flash

memory devices.

All operations are started by a sequence of com-

*",ii *tit"" to the device' fhree Status Registers

iilj"ri[i,Jr" J"i"it t"tto and a RY/BY# output pin

il;d;;;;;*;t,- on tn" ptog'""" or the requested

oPeration.

While the 28FOO8SA requires an operation to corrF

rieie before the next operation can be requesreo'

i;;#iii;sA tlows qu'eueing of the next operation

*niG tn" memory executes the cunent operarlon'

itti" 
"ii.in"t"" 

system overhead when writing sev-

#i il;; i;; r-6w to the arrav or erasing several

iiJ"rJ "itn. 
same time' The 28F016SA can also

Il-,ioi* *tit operations to one block of memory

Lr,iit pe.totmlnd erase of another block'

'@

The 28F016SA provides user-selectable block lock-
ing to protect code or data such as device drivers,
PCMCIA card inlormation, ROM-executable O/S or
application code. Each block has an associated
nonvolatile lock-bit which determines the lock status
ol the block. ln addition, the 28FO165A has a master
Write Protect pin (WP#) whieh prevents any modifi-
cations to memory blocks whose lock-bits are set.

The 28F016SA contains three types ol Status Reg-
isters to accomplish various functions:

o A Compatible Status Register (CSR) which is
10Oo/o clmpatible with the 28F008SA FlashFile
memory's Status Register. This registbr, when
used alone, provides a straightfonyard upgrade
capability to the 28Fo16SA from a 28F008SA-
based design.

. A Global Status Register (GSR) which informs
the system of Command Queue. status, Page
Buffer status, and overall \ /rite State Machine

WSM) status.
. 32 Block Status Registers (BSRs) which provide

block-specific status information such as the
block lock-bit status.

The GSR and BSR memory maps for byte-wide and
word-wide modes are shown in Figures 5 and 6.

The 28FO16SA inclrporates an open drain RYIB_Yf
output pin. This feature allows the user to OR-tie
many RY/BY# pins together in a multiple memory
configuration such as a Resident Flash Anay.

Other configurations of the RY/BY# pin are en-
abled via special CUI commands and are described
in detail in the 16-Mbit Flash Froduct Family User's
Manual.

The 28F0165A also incorporates a dual chip-enable
function with two input pins, CEs# and CE1#.
These pins have exactly the same functionality as
the regular chip+nable pin CE# on the 28F008SA.
For minimum chip designs, CE1# may be tied to
ground to use CE6# as the chip enable input The
28FO165A uses the logical combination of these two
signals to enable or disable the entire chip. Eoth
CEg# and CE1# must be active low to enable the
device and, if either one becomes inactive, the chip
will be disabled. This feature, along with the oPen
drain RY/BY# pin, allows the system designer to
reduce the number of control pins used in a large
array ol 16-Mbit devices.

2or0165A

The BYTE# pin allows either x8 or x16 readlwrites
to the 28FO16SA. BYTE# at logic low selects 8-bit
mode with address Ao selecting between low byte
and high byte. On the other hand, BYTE# at logic
high enables lGbit op€ration with address A1 be-
coming the lowest order address and address Ao is
not used (don't care). A device block diagram is
shown in Figure 1.

The 28Fo16SA is specilied for a maximum access
time of 70 ns (ta66) at 5.0V operation (4.75V to
5.25V) over the commercial temperature range (0'C
to +70'C). A conesponding maximum access time
of 1 20 ns at 3.3V (3.0V to 3.6V and 0'C to + 70"C) is
achieved for reduced power consumption applica-
tions.

The 28F016SA incorporates an Automatic Power
Saving (APS) feature which substantially reduces
the active current when the device is in the static
mode of op€ration (addresses not switching).

ln APS mode, the typical 166 cunent is 1 mA at 5.0V
(0.8 mA at 3.3V).

A deep power-down mode of operation is invoked
when the RP# (called PWD# on the 28F008SA) pin

transitions low. This mode brings the device power
consumption to,less than '1.0 pA, typically, and pro-
vides additional write protection by acting as a de-
vice reset pin during power transitions. A reset time
is required from RP# switching high until outputs are
again valid. ln the deep powerdown state, the WSM
is reset (any cunent operation will abort) and the
CSR, GSR and BSR registers are cleared.

A CMOS standby mode of operation is enabled
when either CEs# or CEI# transitions high and
RP# stays high with all input control pins at CMOS
levels. ln this mode, the devic€ typically draws an
169 standby cunent of 50 ,rA.

2.0 DEVICE PINOUT

The 28F016SA 56-lead TSOP Type I pinout configu-
ration is shown in Figure 2. The 56-lead SSOP pin-

out configuration is shown in Figure 3.

ntelntel @

1.1 Product Overview

The 28F0165A is a high-performance 16-Mbit

ii ;:t# ;d ;-'i) ur'iu<- eras"aoie nonvolati le 3n*1
)"""r. m"tory organized as either 1 Mword x 16 or

i"iiu"ti i e.'rn! zarotosp' includes thirtv-two

6+-i::aliisisdlnio"rio,thirtv-two32.-KlY-{3.-2^'168)
Uto"t ..'R chip memory map is shown in Flgure 4'

The imolementation of a new architecture' with

#;;h;;;A teatures, will irnprove the device op-

ll:,iilJil&'iltil" "'io 
resul'ts in sreater product

reliability and ease'ot-use'

Among the significant enh3ncements on the

28F0165A:
o 3.3V Low Power Capability

o lmproved Write Performance

. Dedicated Block Write/Erase Protection

pin reconfigures the device internally

s'.3V or s.oV readlwrite operation'

il

The 28F0163A will be availablt in a 56-lead' 1'2 mm

tniJr.,la " x 20 mm ttot#';9""Jf,n""33F
56-lead. 1.8 mm thick, 16 m
;;;k;s". in"isoi toirn tactor and pinout allow{or

IJ-'ni.in board layout densities' sSoP packaging

pio'uiO"i r"f"""o lead spacing dimensions'

A Command User lnterlace (GUl) serves as the.sJs-

i"tlnt"tt""" between the microprocessor or mlcro-

"-o"t 
if"tl"u the internal meinory operation'

4-104
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Figure 1.28F0165A Block Diagram Architectural Evolution lncludes

Page Buffers, Queue Registers and Extended Status Registers

@

2.1 Lead Descriptions
Name and Function

BYTE.SELECT ADDRES$ Selects between hish and low byte when the
device ts IN x8 mode. This address rs latched in x8 data writes. Not used
n x'|6 mode (i.e., input buffer ts turned off when BYTE# ts high).

WORD-SELECT ADDRESSES: Select a word within one 64-Kbyte block'
A6-1g selects 1 of 1024 rows, and A1-s selects 16 ot 512 columns.
These addresses are latched during data writes'

BLOCK-SELECT ADDRESSES: Select 1 of 32 erase blocks. These

addresses are latched during data Writes, block erase and lock block

LOW-BYTE DATA BUS: lnputs data and commands during CUI write

cycles. Outputs anay, buffer, identifier or status data in the appropriate
read mode. Floated when the chip is deselected or the outputs are

disabled.

HIGH-BYTE DATA BUS: lnputs data during x1 6 data write operations.
Outputs a(ay buffer or identifier data tn the appropriate read mode; not

used for Status Register reads.
the outputs are disabled.

Floated when the chip ts deselected or

CHIP ENABLE INPUTS: Activate the device's clntrol logic, input buffers,

decoders and sense amplifiers. With either CEo# or CE1# high' the

device is deselected and power consumption reduces to standby levels

upon completion of any cunerit data write or block erase operations.
Abtn Ceotr, CE1 # must be low to select the device. All timing
specifica-tions aie the same for both signals. Deviceselection occurs with

the latter falling edge of CEo# or CE1 #. The first rising edge of CEs# or
CE1 # disables the device.

RESET/POWER-DOWN: RP# low places the device in a deep power-

down state. All circuits that burn static power, even those circuits enabled
in standby mode, are turned off. When retuming from deep power-down,

a recovery time is required to allow these circuits to power-up' When

RP* goei low, any current or pending WSM operation(s).are terminated,

and thie device is reset. All Status Registers retum to ready (with all

status flags cleared)

OUTPUT ENABLE: Gates device data through the output buffers when

low. The outputs float to tri-state off when OE# is high.

NOTE:

CE # overrides OE#, and OE# ovenides WE#

WRITE ENABLE: Controls access to the CUl, Page Buffers, Data Queue
Registers and Address Queue Latches. WE# is active low and latches

both address and data (command or anay) on its rising edge'

Page Buffer addresses are latched on the of WE#

Type

INPUT

INPUT.

INPUT

INPUT/OUTPUT

INPUT/OUTPUT

INPUT

INPUT

INPUT

INPUT

Symbol

Ao

Ar-Ars

Are-Azo

DQe-DQ7

DQ6-DQ15

CEs+,CE1#

RP#

oE#

WE#

4-1 06 PRELIMINARV PRtrLOMINARV 4-107
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2.1 Lead Descriptions (continued)

intel, intef 28hu165A

290489-3
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NOTE:
seLead TSOP Mechanical Diagrams and Dimensions are shown at the end of this speci{icalion'

Figure 2. TSOP Pinout Configuration

E' wEr
oEr
RYEYT
DQrs
DQ7
D0t
Do!
GND
DQr
oo5
DClu
DO.
V6
GNO
Don
Do3
DOrc
Do2
Ya
DQ,
ool .

oo!
Doo
Ao
EYTE*
NC
NC'

Arr
Ar6
V6
Ars

Arr
Af

Ail

GtID
A?
Ac
A5

A!
Az

4

56
55
51

52
51

50
19
18
17
15
15
14
4ii

11

10
39
38
ct
36
35
34

31

30
n

9
10
11
12
13
14
15
16
17
t8
19
20
21
22
23
24
25
26
27
2A

1

2
3
4
5
6
7
a

o

E28F0165A

s&trru TsoP PlNoUr

12mx14mtmffi
TOP VlEll'

28f0r6sa

3/5t
a&,a9

An
Air
Au
Arz
Ar
V6
Ars
As
Ar:
Au

cEol

RPI
Atr
Aro
A9
Ao

GNO
At
A6
A5
Aa
tu
Az
Al

2rfrBcsA

3,5tqrt
@i9

Aa
Ao
Arr
Arr
Arc
V6
At5
Ag
Ar
Ar2

cqt

RPI
Afl
Aro
At
Ar

GIID
Ar
Ar
As

A3
A2
Ar

arcs

wPr
wEr
oEr
SYEYI
DQrs
Doz
Do{
Do6
GND
Dorg
Do5
xlrz
Do.
V6
GND
DOr
Do3
Do ro
Do2

Doe
DOI

lN.
lm"
lAo
lgr-nr
lNc

lruc

28F016SV

wPt
wEl
oEi
RYAY*
DQrs
oo7
DQr
m6
GND
Do$
DQs
Dorz
Do.

GND
DClrr
DQ3
DQ ro
DO2

Dor
DO.
DO;

I oo"
lAo
I SYTE*
lNc
l*c

ALL INTERNAL CIRCUITRY: Do not leave any ground pins
GROUND FOR
floating.

NO CONNECT: Lead maY be driven or left

ERASE/WRITE POWER SUPPLY: For erasing memory affay blocks or writing

into the flash array.words/bytes/pages

DEVTCE POWER SUpPLY (3.3V t 0'3v' 5-0v + 0.5V,5.0V + 0.25V): Do not
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input
and
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input
high
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then
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off
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Ail
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6
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order
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becomes
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then
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BYTE
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Address

on
ENABLE:
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BYTE
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NOTES:

VOLT
53/operation.

3.3/5.O

could damage the device.
valid data.

# high in a 5.0V system
lrom 3y'5# switching to

Name and Function

READY/BUSY:

or

that

*

the

OE
issued.

indicates
that

IS

powerdown
whenoff

pending

low,

deep
all

tn

indicates

command

ts

When

tri-state

high

to

#

device

Disable

completed

WSM.
IBY

the

Pin
floated

has
RY

or

#
not

internal

BY

wsM

the

(i.e.,
RY

(or

ol

a

operation.

if

suspended,

an

active
ts

status

except

operations
erase
alwaysIS

new

high),

performing
lndicates

block
tor

ale

or

busy

output
+

IS

ready

This

'cEr

is

#

WSI,T

mode.
cEo

the
WSM
operaticns),

power-down mode).transitions low

SUPPLY

SUPPLY

INPUT

SUPPLY

INPUT

INPUT

OPEN DRAIN

OUTPUT

v66

GND

NC

3/5*

Vpp

BYTE#

Symbol

RY/BY#

WP#
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28F016SA*

Figure 3. SSOP Pinout Con{iguration

*larorose

Figure 4.28F016SA Memory Map (Byte'Wide Mode)
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3.0 MEMORY MAPS

3.1 Extended Status Register Memory MaP

Figure 5. Extended Status Register

ilemory Map (Byte'Wide Mode)

NOTES:
1.-XcanbevlgorVllforaddressorcontrolpinsexcePtlorRY/BY#,whichiseitherVglorV6g.
z. aiJe1 * oiiip,rr d-op"n drain. when the WSM is ready, block eras€ is suspended or the device is in deep power-down
- 

rnoA"- RylgV;, *ilt'b€ at V911 if it is tied to Vgc through a resistor- RY/BY# at Vgg is independent ot OE# while a

WSM operation is in Progress.
3. RP# atGND 1 O.zV ensures the lowest deep powerdown current'

+. eo 
""J 

Al at VtL provid€ manufacturer tD coOe! in x8 and x16 modes, respectively. Ao and 41 at V1g provide device lD

ddes in xg and x16 modes, resPectively- All other addresses are set to zero'

s. cor*anoi for different otoct eiase operations, data wite operations or lock-block operations can only be successfully

comPleted when Vpp : Vppg.
O. WtiiL in" wSf,,l| is ninning,'AVtev# in teveFmode (default) stays at VoL until all oPerations are complele. RY/BY# goes

to VoH when the WSM is not busy or in erase suspend- mode'

z. CvEi* may be at v4 wnire tfie wSM is busy performing various opetations; for example, a Status Register read

during a data write operation.

Figure 6. Extended Status Register

Memory Map(Word'Wide Mode)

4.0 BUS OPERATIONS, COMMANDS AND STATUS REGISTER DEFINITIONS

:

4.1 BusOperationsforWord-Wide Mode(BYTE# : Vrn)

4.2 BusOperationsforByte-Wide Mode (BYTE# : Vlr-)

RESERVED

BSR31

RESERVED

GSR

RESERVED

RESERVED

RESERVED

RESERVED

RESERVED

BSRO

RESERVED

GSR

RESERVED

a

a

a

a

a

a

X8 MODE

010002H
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a
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66A0H

Dtru

A1

X

X

X

X

Vrr

Vrs

X

wE#

vru

VrH

X

X

vtn

VrH

vt

OE*
Vt
Vrn

X

x
Vt
Vu

VrH

CEo#

Vt
Vu

Vrx
Vr
vrH

X

Vt
Vt
Vt

CE$
Vt
vr
V11

Vrs
vrH

X

Vu

vu
Vu

RP#

Vrx

Vrn

Vrn

Vru

Vru

Vrn

vtn

Notes

1,2,7

1,6,7

1,6,7

1,3

4

4

1,5,6

llode

Read

Output Disable

Standby

Deep Power-Down

Manufacturer lD

Device lD

Write

RY/BY#

X

X

X

Von

Von

Vos

X

DQo-z

Dour

High Z

HishZ

High Z

89H

AOH

Drru

As

X

X

X

X

Vtl

Vru

X

WE#

VrH

vrs

X

X

VrH

Vtx

vu

OE#

Vt
VrH

X

X

Vt
Vt
Vrn

CEg+

Vt
vu
Vtx
Vt
VrH

X

Vtt-

Vt
v11-

CEl#

v11

Vt
V11

VrH

Vrs

X

vt
vrc

Vt

RP#

Vtn

Vrr

vrn

Vt
vrn

Vru

Vrn

Notes

1,2,7

1,6,7

1,6,7

1,3

4

4

1,5,6

Mode

Read

Output Disable

Standby

Deep Power-Down

Manufacturer lD

Device lD

Write
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ADDRESS
BA : Block Address
PA : Page Buffer Address
RA : Extended Register Address
WA : Write Address
X : Don't Care

DATA
AD : Aray Data
PD : Page Bufler Data
BSRD : BSR Data
GSRD : GSR Data

28r'u165A

WC (L,H) : word Count (Low, High)
BC (L,H) : Byte C,ount (Low, High)
wD (L,H) : Write Data (Low, High)

28F0165A

4.3 2SFOogsA-Compatible Mode Command Bus Definitions

@

4.4 28F016sA-Performance Enhancement Command Bus Definitions

ADDBESS
A : Array Address
BA : Block Address
lA : ldentifier Address
wA : Write Address
X : Don't Care

DATA
AD = Anay Data
CSRD : CSR Data
lD = ldentifier Oata
WD : Write Data

NOTES:
1. Following the lntelligenl ldentifier :ommand, two read oPerations access the manufacturer and device signature codes'

2. The csR is automatically avair"or" 
"t"r 

0""i"" enters data wite, block erase, or suspend op€rations.

i. Ci""* csn.i, CSR.4 and cSR.s. Also clears GSR's and all BSB-5 and BSR'2 bits'

4- The upper byte ot the dala orrii<i._rii-Jrring command wites is a "Don't Care" in xl6 oPeration ot the device'

See Status Register definitions-

il

S€cond Bus Cycle

Data

AD

ID

CSRD

WD

WD

>o<D0H

n<DOH

Addr

AA

IA

X

WA

BA

X

Oper

Read

Read

Read

Write

Write

Write

Write

First Bus Cycle

Data(4)

>o<FFH

to€0H

:s7OH

:o<50H

>o<40H

p<10H

)o<20H

rc<B0H

Addr

x
X

X

X

X

X

X

X

Oper

Write

Write

Write

Write

Write

Write

Write

Write

Notes

1

2

J

command

Read Anay

lntelligent ldentifier

Read Compatible Status Register

Clear Status Register

Word/Byte Write

Alternate Word/BYte Write

Block Erase/Confirm

Erase Suspend/Resume

Third Bus Cycle

Data

BCH

wcH

BC(H,L)

WCH

WD(H,L)

Addr

X

X

WA

WA

WA

Oper

Write

Write

Write

Write

Write

Second Bus Cycle

Data(12)

GSRD
BSRD

PD

PD

BCL

wcL
BC(L,H)

wcL
wD(L,H)

)o(D0H

)o(D0H

)o(D0H

nD0H

)oO1H

)o<02H

)oO3H

)c(04H

Addr

RA

PA

PA

X

X

Ao

X

Ae

BA

X

X

X

X

X

X

X

Oper

Read

Read

Write

Write

Write

Write

Write

Write

Write

Write

Write

Write

Write

Write

Write

Write

First Bus Cycle

Data(12)

>o<7,lH

rx72H

x75H

n(.74H

p<EOH

n<E0H

)oOCH

:o<0CH

rc<FBH

n<77H

rs97H

)o€9H

)od7H

xx96H

)0(96H

)0(96H

)o€6H

n<FOH

rc<80H

Addr

X

X

X

X

X

X

X

X

x
X

X

X

X

X

X

X

x
X

X

Oper

Write

Write

Write

Write

Write

Write

Write

Write

Write

Write

Write

Write

Write

Write

Write

Write

Write

Write

Write

Notes

1

7

4,6,10

4.5,6,10

3,4,9,10

4,5,10

J

2

8

8

I

I
11

Mode

x8

xt6

x8

x16

x8

Command

Read Extended
Status ReEister

Page BufferSwap

Read Page Bufler

Single Load to
Page Buffer

Sequential Load to
Page Buffer

Page Buffer Write
to Flash

Two-Byte Write

Lock Block/Confirm

Upload Status Bits/
Con{irm

Upload Device
lnformation

Erase All Unlocked
Blocks/Confirm

RY/BY# Enable to
Level-Mode

RY/BY# Pulse-On-
Write

RY/BY# Pulse-On-
Erase

RY/BY# Disable

Sleep

Abort
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4.5 Compatible Status Register

RRRVPPSDWSESESSwsMs

6 4 3 2 0

"r:tEit*^ be the csR address a any BSR address. see Figures 5 and 6 for bctended status Register Memory Maps. 
.

i. ijpo"-J""C" power-up, ail BSR lo;k-biis come up locked. The Upload Status Bits command must b€ written to reflect

the actual lock-bit status. :.. -.g- Ao is a;oma1calry complemented to load the second byte ol data. BYTE# must be at V11. The Ao value determines

*it"tr WOf eC i" irpptied fi6t Ao : 0 looks at tne WOL/BCL Ao : ! looks at tqe WDIi/_BCH.

4. BCH/WCH must be it ooH fo- fiis product because of the 256-byte (128-word) Page Butf€r siz€ and to avoid writing

in" i"g" Buffer contenls into more ihan one 256-byte segment within an anay block. They are simply shown lor future

iage-B'uffer expanOaoility. q

s. i.iromode,onlythetowerblteDQ.-TisusedforwcLandwcH.TheuPperbyteDQs-15is.adon'tcare''
O. ie i"O pD (whoie count is gi-ven in 6y6tes Z and 3) are supplied starting in the {ourth cycle, which is not shom.

7. This command allows the user to *ap beween available Page Buffeis (0 or 1)'
g. These commands reconfiqure irrr iilgV* output to one o:t t*o pulse-modes or 6nable and disble the RY/BY#

function.
g. ilrit" iOOr""", wA, is the destination address in the flash anay which must match the sourc€ address in the Page

Buffer. Reler to lhe lGMbit Flash Product Family User's Manual'

10. BCL : OoH conesponds to a byte count of 1. similarly, wcL : ooH conespodds to a word count of 1'

i i. io ensure tt'at tfre 2gfor 6sa's 'power consumption during sl@p mode r€aches th€ deep pow€rdown cunent l€vel' the

syste. afso needs to de-select ihe chip by taking either or both GEs # or CE1 # high' ,
rz. ii,."pp"iiyt"ottnedatabus(oOe-is)duringiommandwritesisa"Don'tCar€"inx16op€rationofthedevic€.

7 5

r

CSR.7 : WRITE STATE MACHINE STATUS
t : Reacly
O : Busy

CSR.6 : ERASE-SUSPEND STATUS
1 : Erase Suspended
0 : Erase ln Progress/Completed

CSR.s: ERASESTATUS
1 : Error ln Block Erasure
0 : Successful Block Erase

CSR.4 : DATA WRITE STATUS
1 : Enor in Data Write
0 : Data Write Successful

CSR.3: VPPSTATUS
1 : Vpp Low Detect, Operation Abort
0: VppOK

CSR.2-0 : RESERVED FOR FUTURE
ENHANCEMENTS

NOTES:
RY/BY# -output or WSMS bit must be checked
to determine completion o{ an operation (erase
suspend, block erase or data write) before the
appropriate Status bit (ESS, ES or DWS) is
checked lor success.

lf DWS and ES are set to "1" during a block
erase attempt, an improper command sequence
was entered. Clear the CSR and attempt the
operation again.

The VPPS bit unlike an A/D converter, does not
provide continuous indication of Vpp level. The
WSM interrogates Vpp's level only after the
Data Write or Block Erase command sequences
have been entered, and informs the system if
Vpp has not been switched on. VPPS is not
guaranteed to report accurate feedback
between Vppg and Vppp.
These bits are reserved for future use; mask
them out when polling the CSR.
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4.6 Global Status Register

7 6 5

ntel intel.@
-i8F0165A

4.7 Block Status Register

6 4 3 2 0

NOTE:
1. When multiple operations are qu€ued, ch€cking BSB.7 only provides indication of completion for that particular block.

GSR.7 provides indication when all queued operations are completed.

2 74

tr

NOTE
i--Wnen muttipfe op€rations are queded, ch€cking BSR.7 only provides indication of completion lor that partic-ttlar block.

GSB.7 provides indication wtEn all queued oPerations are comPlet€d'

RRVPPSosBOASBOSBLSas

7 : WRITE STATE MACHINE STATUS
1 : Ready
0 : Busy

: OPERATION SUSFEND STATUS
1 : Operation Suspended
0 : Operation in Progress/Completed

: DEVICE OPERATION STATUS
1 -- Operation Unsuccessful
O : Operation Successful or

Cunently Running
: DEVICESLEEPSTATUS

1 : Device in SleQ
0 : Device Not in Sleep

5/4
0 0 : Operation Successful or

Curently Rrnning
0 1 : Device in Sleep Mode or

Pending Sleep
1 0 : Operation Ursuccessful
1 1 : Operation Unsuccessful or

Aborted
: OUEUE STATUS

1 : Oueue Full
0 : Queue Available

: PAGE BUFFER AVAILABLE STATUS
1 : One or Two Page Buffers Available
0 : No Page Buffer Available

1 : PAGE BUFFER STATUS
1 : Selected Page BuflerReadY
0 : Selected Page Buffer BusY

: PAGE BUFFER SELECT STATUS
1 : Page Buffer 1 Selected
o : Page Buffer 0 Selected

NOTES:
Itl RYIBY* outputbrw-SMs bit must be checked to
determine completion of an operation (block lock, erase
suspend, any RY/BY# reconfig-uration, Upload Status
Bits, block erase or data write) before the appropriate
Status bit (OSS or DOS) is checked for success.

lf operation cunently running, then GSR.7 : 0.

lf device pending sleep, then GSR.7 : 0.

Operation aborted: Unsuccessful due to Abort

The device contains two Page Buffers.

Selected Page Buffer is cunently busy with WSM

operation.

BSR.7: BLOCKSTATUS
'| : Ready
0: Busy

BSR.6 : BLOCK-LOCK STATUS
'| : Block Unlocked for Write/Erase
0 : Block Locked for Write/Erase

BSR.s : BLOCK OPERATION STATUS
1 : Operation Unsuccessful

0 : Operation Successful or
Currently Running

BSR.4 : BLOCK OPERATION ABORT STATUS
1 : Operation Aborted
0 : Operation Not Aborted

MATRIX 5/4
0 0 : Operation Successful or

Cunently Running
0 1 : Not avalid Combination
1 0 : Operation Unsuccessful
11 : OperationAborted

BSR.3 : QUEUE STATUS
1 : Queue Full
0 : Queue Available

BSR.2: VppSTATUS
1 : Vpp Low Detect, Operation Abort
O: VppOK

BSR.1 -o : RESERVED FOR FUTURE' 
ENHANCEMENTS

NOTES:
tll RY/BY# output or BS bit must be checked to
determine completion of an operation (block lock,
erase suspend, any RY/BY# recon{iguration,
Upload Status Bits, block erase or data write)
before the appropriate Status bits (BOS, BLS) is
checked lor success.

The BOAS bit will not be set until
BSR.7: 1.

Operation halted via Abort command.

These bits are reserved for future use; mask them
out when polling the BSRs.
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5.0 ELECTRICAL SPECIFICATIONS

5.1 Absolute Maximum Ratings*

TemperatureunderBias. ...o'Cto +80'C

StorageTemperature .. -65'Cto+125"C

Vcc : 3.3V + 0.3V Systems

: 5.0V t 0.5V, : s.OV t 0.25V

@

NOTICE: This data sheet contains preliminary infor-
specilica-

Verify with
the laiest

@

5.2 Gapacitance

For a 3.3V

For a 5.0V

NOTE:
'1. Sampled, not 100% tested.

iInbf ntel -/srorosa

I

'WARNING: Stressing the device beyond the 'Absolute

Maximum Ratings".may cause permanent damage'
These are striss ratings only. Operation beyond the
-Operating Conditions" is not recommended and ex-

teidea exposure beyond the "Opercting Conditions"
may affect device reliabiw.

NOTES:
i.- dp"rating t".P"ratur€ is for comm€rcial product defined by this sPecification'

i. ul,,irr."oc voltage is -osv "" 
i"prliSripuipins. ouring transitions, this level may undershoot to -2 0v for periods

<20 ns. Maximum Dc vottage 
"" 

i.p.riz."p,rt plns is v66- + o.sv which, during transitions, may overshoot to v66 *
2.0V for periods <20 ns.

g. M"ti.rfn DC voltage on VP' may overshoot to + 14'0V Jor periods <20 ns'

+. Ortirt 
"n..t"O 

iot 
"no .otd tttan bne second. No more than one output shorted at a time'

5- Thid specifietion also appli€s to pins marked "NC'" . . .. . ^
e. i"U"-V[ip*ifo"rions #erto the 28FO16SA-O7O in its High Speed Test configuration.

Test Conditions

TA:25"C,f : l.0MHz

TA:25'C,f :1.0MHz

For V66 : 3-3V + 0.3V

50O Transmission Line
Delay

Units

pF

pF

pF

ns

Max

12

50

2.5

Tvp

6

8

Notes

1

1

1

Parameter

Capacitance Looking into an
Address/Control Pin

Capacitance Looking into an
Output Pin

Load Capacitance Driven by
Outputs for Timing Specifications

Equivalent Testing Load Circuit

Symbol

cnr

cour

clono

Test Conditions

Ambient TemPerature

Units

'c

mA

mA

Max

70

7.O

14.0

Vsc
+0.5
+30

100

Min

0

-o.2

-o.2
-0.5

Notes

1

2

2,3

2

5

4

Paraneter

Operating Tempera:ure, Commercial

V66with to GND

Vpp Supply Voltage with ResPect to GND

Voltage on Any Pin (Except Vqc' Vpp)

with Respect to GND

Cunent into Any Pin

Output Short Circuil Current

sym

T4

Vcc

vpp

I

lour

Test Conditions

Tn:25'C,f:1.0MHz

Ta:25"C,f :1.0MHz

For V6s : 5.0V + 0.5V

ForV66:5.0V+0.25V
25O Transmission Line
Delay

83O Transmission Line
Delay

Units

pF

pF

pF

pF

ns

ns

Max

I

12

100

30

2.5

2.5

Typ

6

8

Notes

1

1

1

Parameter

Capacitance Looking into an
Address/Control Pin

Capacitance Looking into an
Output Pin

Load Capacitance Driven by
Outputs for Timing Specifications

Equivalent Testing Load Circuit for
Vcc + 10%

Equivalent Testing Load Circuit for
Vcc + 5"/o

Symbol

crru

cour

clolo

Test Conditions

Ambient TemPerature

mA

mA

Units

'c

14.0

7.O

t30
100

llax
70

7.O

Min

0

-o.2
-o.2
-2.O

5

4

l{otes

1

2

2,3

2

Short Circuit CurrentOutput

Parameter

Operating Temperature, Commercial

with Respect to GND

to GNDVoltag€ withvpp

Voltage on Any Pin (Except V66' Vpp)

with Respect to GND

Current into Any Pin

lour

sym

T4

V66

Vpp
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4.6 Global Status Register

intel. intel.

NOTE:
1. Wh€n multiple op€rations are qu€ued, checking BSR.7 only provides indication of completion for that particular block.

GSR.7 provides indication when all queued op€rations are completed.

28t'vrGSA

4.7 Block Status Register

6 5 4 3 2 0

NOTE:
1. When multiple operations are queued, checking BSR.7 only provides indication of completion for that particular block.

GSR-7 provides indication when all queu€d op€rations ar€ completed.

l,illll
1;1

il,i

l1
l

7 6 4 0 7

d

RRVPPSosBOSBLSBS

: WRITE STATE MACHINESTATUS
1 : Ready
0: Busy

: OPERATION SUSPEND STATUS
'| : Operation SuspendeJ
0 : Operation in Progress/Completed

: DEVICE OPERATION STATUS
1 : Operation UnsuccessfiJl
0 : Operation Successful or

Cunently Running
: DEVICESLEEPSTATUS

1 : Device in Sleep
0 : Device Not in Sleep

TRIX 5/4
0 0 : Operation Successf,ul or

Cunently Running
o 1 : Device in Sleep Mcde or

Pending Sleep
1 o : Operation Unsuccessful
1 1 : Operation Unsuccessful or

Aborted
: QUEUESTATUS

'l : Queue Full
0 : Queue Available

: PAGE BUFFER AVAILAB-E STATUS
1 : One orTwo Page Buffers Available
0 : No Page Buffer Available

1 : PAGE BUFFER STATUS
1 : Selected Page Butfer Ready
0 : Selected Page Buffer Busy

: PAGE BUFFER SELECT STATUS
1 : Page Buffer 1 Selected
0 : Page Butler 0 S€lectEd

NOTES:
t1l RY/BY# output or WSMS bit must be checked to
determine completion of an operation (block lock, erase
suspend, any RY/BY# reconfig-uration, Upload Status
Bits, block erase or data write) before the appropriate
Status bit (OSS or DOS) is checked for success.

lf operation cunently running, then GSR.7 : 0.

lf device pending sleep, then GSR.7 : 0.

Operation aborted: Unsuccesslul due to Abort

The device contains two Page Buffers.

Selected Page Buffer is currently busy with WSM
operation.

BSR.7: BLOCKSTATUS
1 : Ready
0 : Busy

BSR.6 : BLOCK.LOCK STATUS
1 : Block Unlocked for Write/Erase
0 : Block Locked for Write/Erase

BSR.s : BLOCK OPERATION STATUS
1 : Operation Unsuccessful

0 : Operation Successful or
Currently Running

BSR.4 : BLOCK OPERATION ABORT STATUS
1 : Operation Aborted
0 : Operation Not Aborted

MATRIX 5/4
0 O : Operation Successful or

Cunently Running
0 1 : NotaValid Combination
1 0 : Operation Unsuccessful
11 : OperationAborted

BSR.3 : QUEUE STATUS
1 : Queue Full
0 : Queue Available

BSR.2: VppSTATUS
1 : Vpp Low Detect, Operation Abort
0: VppOK

BSR.1-0 : RESERVED FOR FUTURE
ENHANCEMENTS

NOTES:
ftl RY/BY# output or BS bit must be checked to
determine completion of an operation (block lock,
erase suspend, any RY/BY# reconfiguration,
Upload Status Bits, block erase or data write)
before the appropriate Status bits (BOS, BLS) is
checked for success-

The BOAS bit will not be set until
BSR.7: 1.

Operation halted via Abort command.

These bits are reserved for future use; mask them
out when polling the BSRS.
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5.0 ELECTRICAL SPECIFICATIONS

5.1 'Absolute Maximum Ratings*

TemperatureunderBias ....0"Gto +80"C

Storage Temperature . . . . . . . . . . -65"C to + 125"C

: 3.3V + o.3V Systems

Vcc : 5.0V + 0.5V, Vsc : 5.0V t 0'25V

NOTICE: This data sheet contains preliminary in{or-

mation on new products in production. The specitica-

iions are subiect to change without notice. Verify with

vour local lniel Sales office that you have the latest

iata sheet before finalizing a design.

@

.WARNING: Strcssing the device beyond the 'Absolute

Man:mum Ratings" maY cause permanent damage.
only. Operation beYond the
not recommended and ex-

These are stress rctings
"Operating Conditions" is
tended exqosure beyond the "Operating Conditions"
may affect device rcliabililY.

nt€lntef 28F0165A

tr

NOTES:
1. Op€rating temperature is for :ommercial product defined .by 

this specification'

2. Minimum DC voltage is -o.sv on inpuvoutput pins..During transitions, this level may undershoot to -20v for periods

<20 ns. Maximum DC votiage 
"ii 

iiiilni"$"t iins is Vci + o.sv which, during transitions, mav overshoot to Vcc +

2-0V tor periods <20 ns.
g. trirriilr; DC voltage on VPF mav overshoot to + 14'0V for periods <20 ns'

i ilrtout snorted tor 
-no 

more tran'one s€cond' No more than one output shorted at a time'

s. rnii specincatlon also aPplies to pins marked "NG"'

o. i7" v[ 
"p""tri*rions 

rLier:o tnb egFol6sA{70 in its High Speed Test configuration'

6

5.2 Capacitance

For a 3.3V System:

For a 5.0V System:

NOTE:
l. Sampled, not 1000/6 tested.

Test Conditions

Ta:25"C,f:1.0MHz

Ta:25'C,f : 1.0MHz

ForV66:3.3V t 0-3V

50O Transmission Line
Delay

Units

pF

pF

pF

ns

Mar

12

2.5

Tvp

I

Notes

1

1

1

Parameter

Capacitance Looking into an
Address/Control Pin

Capacitance Looking into an
Output Pin

Load Capacitance Driven by
Outputs for Timing Specifications

Equivalent Testing Load Circuit

Symbol

Cm

cour

cloeo

Test Conditions

Ambient Temperature

Units

'c

mA

mA

Max

70

7.O

14.0

v66
+0.5

+30

100

Min

0

-o.2
-o.2
-0.5

Notes

1

2

2,3

2

5

4

ParaEreter

Operating Temperature, Commercial

V66 with Respect to GND

Vpp Supply Voltage with Respect to GND

Voltage on Any Pin (Except Vcc' Vpp)

with Respectto GND

Current into AnY Non-SuPPlY Pin

Output Short Circuit Dunent

sym

Ta

vcc

Vpp

I

lour

Test Conditions

Ta : 25'C, f : 1.0 MHz

Tn:25"C,f : 1.0MHz

ForV6":5.0V+0.5V
ForV66:5.0V + 0.25V

25O Transmission Line
Delay

83O Transmission Line
Delay

Units

pF

pF

pF

pF

ns

ns

Max

8

12

100

30

2.5

2.5

Tvp

6

8

Notes

1

1

1

Parameter

Capacilance Looking into an
'Address/Control Pin

Capacitance Looking into an
Output Pin

Load Capacitance Driven by
Outputs for Timing Specifications

Equivalent Testing Load Circuit for
V66 t 10%

Equivalent Testing Load Circuit for
vcc + 5"/"

Symbol

crru

cour

cLoeo

Test Conditions

Ambient Temperature

Units

'c

mA

mA

Max

70

7.O

14.O

7.O

a30
100

Min

0

-o.2
-o.2
-2.O

Notes

1

2

2,3

2

5

4

Parameter

Operating TemPeraure, Commercial

V66 with ResPect to GND

Vpp Supply Voltage dith Resp€ct to GND

Voltage on AnY Pin frxcePt Vgc' VPP)

with Respect to GND

Cunent into AnY Non-SuPPlY Pin

Output Short Circuit Current

sym

Ta

V66

I

lour
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5.3 Timing Nomenclature

All 3.3V system timings are measured from where signals cross 1'5V

For S.oV systems use the standard JEDEC cross Point definitions'

are defined

Each timing Parameter consists
CE# (E) going low (L)
of five characters' Some

to the outPuts (Q)
common examPles

becoming

tce tgLqY time(t) lrom
low (L) to tne outputs (Q)

!ce t6LqY time(t) fiom OE# (G) going

tncc tnvov time(t) frorn address (A) valid (V) to the outputs (Q) becoming

tns tevwH time(t) lrorn address (A) valid M to WE# (W) going hish (H)

toH twHox time(t) from WE# 0V) going high (H) to when the data (D) can

validnecessarilYnotbutDriven'

Valid

Low

Pin States

X

z

L

H

Minimumal

Minimumat 4.5V

Pin315*

Level

BusY)+/BYRY

RP#
Pin)

A

G

D

F

o
E

OutputsData
Enable)(chiP#CE

Enable)oE#
Enable)(WriteWE#

Address

Data

Enable)BYTE#

CharactersPin

5V

3v

P

R

w
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INPUT

Ac rest inputs are driven at V6g (z.4 VTIL) for a Losic "1 " and Ve1 (0.45 VTIL) for a Losic "0.'3t"lJli;l'"n besins ar
VtH (2.0 VT[L) and V;1 (0.8 VTIL). Output timing ends at V1g and V11. lnput rise and fall limes (10% to 90%) < 10 ns.

Figure 7. Transient lnput/Output Reference Waveform
(VCC : 5.0V + 10"6) for Standard Test Configuration(l)

INPUT .5tsTEST POINTS------+ .5 OUTPUT

29044S-5
AC test inputs are driven at 3.0V for a Logic " 1 " and 0.0V tor a Logic "0." lnput liming begins, and output timing ends, at
1.5V. lnput rise and {all times (10% to 90%) <10 ns.

Figure 8. Transient lnput/Output Reterence Wavelorm (V6s : 3.3V t 0.3V)
High Speed Reference Waveform(2) (Vcc : 5.0V t 5%)

tttoTES:
1. Testing characteristics lor 28F01 6SA{80/28F016SA-1 00.
2. Testing characteristics for 28F01 6SA-070/28F01 654-1 20l28F01 654-1 50.

become undetined (X)

nblinteli @

below:

vafid (V)

becoming valid (V)

valid M

4



(
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Figure 9. Transient Equivalent Testing Load Circuit (Vsc : 5'0V t 1O%)

Figure 10. Transient Equivalent Testing Load Gircuit (V6c : 3'3V I 0'3V)

Figure 11. High Speed Transieni Equivalent Testing Load Circuit (V6s : 5'0V t 5%)

5.4 DC Characteristics: Commercial Temperature

Vcc : 3.3V + 0.3V, Tn : 0'C to +70'C
3/5* : Pin Set High for 3.3V Operations

Total Capacitance : 100 PF

2.5 ns ol 25o Transmission Line

2904a9-6

Iesl Test Conditions

V65 : V66 Max
V1x: V66orGND

Vrc : Vcc Max
V1x: V56orGND

V66 : V66 Max
CEs#,CE1+, RP*,: VCC + 0.2V
BYTE#,WP#,3/5#: Vcc 1

0.2VorGND + 0.2V

V6q: V66Max
CEs#,CE1+, RP# : Vrn
BYTE#, WP#,3/5# : V1s orV11

RP#:GND+0.2V
BYTE#:GND+O.2Vor

Vcc + 0.2V

V66: V66Max
CMOS:CE6#,CE1# : GND t

0.2V, BYTE# : GND +
0.2V or V66 a 0.2V,
lnputs:GND+0.2vor
vcc + o'2v

TTL: CE6#, CE1 # : V11,

BYTE#: V11orV1s,
lnputs : Vl1or V1g

f:8MHz, l6u1 :OmA

V66 : Vg6 Max
CMOS:CEe#,CE1# : GND +

0.2V, BYTE# : GND +
0.2V or V66 + 0.2V,
lnputs:GND+0.2Vor
V66 1 0.2V

TTL: CEg#, CE1 # : V11,

BYTE# : V11orV16,
lnputs : V;g or Vls

f:4MHz, lqu1 :OmA

Word/Byte Write in Progress

Block Erase in Progress

CEs#,CE1 #:V1s
Block Erase Suspended

Units

pA

pA

pA

MA

pA

MA

MA

MA

MA

MA

Mar

+1

+10

100

4

35

20

12

12

6

Tvp

50

1

1

30

15

8

6

o

MinNotes

1

1

1,5,6

1

1,4,5

1,4,5

1

1

1,2

Parameter

lnput Load Current

Output Leakage
Current

V56 Standby
Current

V66 Deep Power
Down Current

V66 Read Current

V66 Read Current

Vcc Write Current

V66 Block Erase
Current

Vcc Erase Suspend
Cunent

sym

Iu

llo

lccs

lcco

lccRl

lccR2

lccrr'u

lcce

lccEs

2904a9-7

2.5 ns o{ 5oO Transmission Line

Total Capacitance : 50 PF

Test

2.5 ns of 83O Transmission Line

Total Capacitance : 30 PF

290489-8

Tost
From
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5.4 DC Characteristics: Commercial Temperature (continued)

Vcc : 3.3V + 0.3V :0"Cto +70'C
3.3v Operations

Parameter

@
28F0-r'6SA

5.5 DC Gharacteristics: Commercial Temperature
Vcc: S.OV + 0.5V,5.0V t 0.25V, Tn : 0"Cto +70'C
3/5* Pin Set Low for 5V Operations

3/5* : 3in Set

NOTES:
l.AllcurentsareinRMsunlessoth€Misenoted'TypicalvaluesatVcc:3'3V'VPP:120V'T:25'CThesecuffents

are valid {or all product veGrons (package and speeds)'. - .- -^^d while in erase suspend mode, curent draw is the sum

z. t * iJ jplrJriiJo mn tn" device deselected lf ihe device ,s rea

.. g#ii:$ilflr/byre srires and rock brock operations are inhibired when vpp = VppL and not suaranteed in the

, f$:"#ffi;Ji.*,',F|,;r4,:::""'ftfj"J:,T.'#l l"S"':,'I'fi3ffi11'J,!*,.,.. ---...5. CMOS lnPuts are eitherVcc I
6. srandby current revers are norl#;j;;; putting rhe 

"n,p 
r" i l"iuv'"i"0-,ji*."tLt"rv-"tt"' readinq the page buffer'

Default the device into reao anifor'iead status Register..o" iJ"r" L"i"ring standby to ensure standbY current levels'

Vcc : VCc Min
: -100

Vcc : Vcc Min

lqL:4mA

: -2.0 mAlon
Vcc : Vcc Min

Suspended
Vpp : VPPI
Block Erase

Vpp : VpPn

Block Erase in Progress

RP#:GND+0.2V

Vpp : Vpps
Word/Byte Write in

Vpp ( V66

Vpp > Vcc

Test Conditions

mA

pA

mA

pA

pA

Units

pA

12.6

6.5

0.4

0.8

Vcc
+ 0.3

10

200

15

200

Max

+10

12.O

65

4

o.2

10

+1

65

2.O

11.4

V66 -0.2

0.0

2.4

-0.3
2.O

Min

3

Notes

V66 Write/Erase
Lock Voltage

Vpp during Write/
Erase Operations

Vpp during Norma

Operations

Output High Voltage

lnput High Voltage

Output Low Voltage

lnput Low Voltage

Vpp Block Erase

Current

Vpp Erase SusPenc

Current

Vpp DeeP Powec
Down Current

Vpp Write Current

Vpp StandbY/Read
Current

vppn

Vuxo

Vppl

VoHt

Vogz

Vou

Vrn

lppes

lppw

lppE

lppo

sym

lpps
lppR

Test Conditions :

V66 : V65 Max
: VCCoTGND

V66: V6gMax
V1X : V66 or GND

Vcc: VCCMax
CE1*,CE1#,RP# : V66 10.2V
BYTE#, WP#,3/5# : Vcc I

0.2V or GND + 0.2V

V66 : Vs6 Max
CEg#, CE1#, RP# : Vrn
BYTE#, WP#, 3/5+ : Vls orV11

RP*:GND+0.2V
BYTE#:GNDt0.2Vor

v@ + o.2v

V66: VqcMax
CMOS:CEs#,CE1# : GND +

0.2V, BYTE# : GND t O.2V
or V66 + Q.2Y,
lnputs:GND+0.2V
orvcc + 0-2v

TTL: CEerF, CE1 # : V;1,
BYTE#: Vl1orV;6,
lnputs : V11or Vlg

f:10MHz, lguT:0mA
Vsc : Vcc Max
CMOS:CEs#,CE1# : GND +

0.2V, BYTE# : GND t. O.2V
or V66 + Q.2Y,
lnputs : GND + 0.2V or
Vcc + o.2V

TTL:Cfo*,CE1# : Vg,
BYTE# : V11orV1s,
lnputs: V11orVlg

f:5MHz, lOur:0t4A
Word/Byte in Progress

Block Erase in Progress

CE6#,CE1 # : V1s

Block Erase Suspended

Units

,rA

pA

pA

mA

pA

mA

mA

mA

MA

mA

llar
t1

+10

'100

4

5

60

35

35

25

10

Typ

50

2

1

50

30

25

18

5

MinNotes

1

1

1,5,6

1

1,4,5

1,4,5

1

1

1,2

-,Parameter

lnput Load Cun€nt

Output Leakage
Cunent

VCC Standby Current

V66 Deep Power-
Down Current

V66 Read Cunent

V66 Read Cunent

V66 Write Cunent

Vqc Block Erase
Cunent

V66 Erase Suspend
Cunent

sym

It

llo

lccs

lcco

lccal

lccn2

lccw

lcce

lcces
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5.6 Ac characteristics-Read only operations: commercial remperature(r)
: 3.3V + 0.3V, T : O"Cto +70'C

For Extended Status Register Reads

28F0165A

: -100
: Vcc Minv66

Vcc : VcC Min
: -2.5 mA

: 5.8 mAlor-
Vcc : Vcc Min

Vpp : vPPn
Block Erase in Progress

Vppn
Erase suspended

Vpp :
Block

in Progress
Vpp : VpPH

Word/BYte Write

Vpp > Vcc

RP#:GND10'2V

Test Conditions

Vpp < Vcc

V

pA

mA

pA

mA

Unltg

12.6

6.5

0.45

0.8

V66
+0.5

200

10

5

12

+10
200

Max

12.0

5

65

7

65

o.2

+1

11.4

2.O

o.o

Vcc

-0.4

0.85
Vqc

2.O

-0.5

Min

3

1

Notes

Write/duringvpp
Erase

V66 Write/Erase
Lock Voltage

Vpp during Normal

Operations

Output Low Voltage

OutPut High Voltage

lnput High Voltage

Vpp Erase SusPerd

Cunent

Low Voltagelnput

Vpp Block Erase

Cunent

Vpp Write Cunent

Vpp DeeP Power-

Down Cunent

Parameter

Vpp StandbY/Read
Current

Vr-xo

Vppn

voxz

Vppl

Vonr

Vou

vt
vut

lppes

lppw

lppe

lppo

sym

lpps
lppR

Units

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

Max

150

150

750

50

55

40

150

40

28F0165A-150

Min

150

0

0

Max

120

120

620

45

50

30

120

30

5

28F0165A-120

Min

120

0

o

0

Notes

2

2

3

3

o

3

3

o

3

3

Parameter

Read CycleTime

Address to Output Delay

CE# to Output Delay

RP# High to Output Delay

OE# to Output Delay

CE# to Output in Low Z

CE# to Output in High Z

OE# to Output in Low Z

OE# to Output in High Z

Output Hold from Address, CE# or
OEl|e 66snng, \ /hichever Occurs First

BYTE# to Output Delay

BYTE# Lowto Output in High Z

CE# Low to BYTE# High or Low

Versions(s)

Symbol

tevev

tnvev

tElov

tpxov

tcuov

teLex

t*tez
tclox

!ssoz
tos

trlov
trsov

tpLoz

teLru
teLrn

Units

ns

ns

28F0165A-150

MaxMin

0

o

28F0165A-120

MaxMin

0

o

Versions(s)

Notes

3,4

3,4

Parameter

Address Setup to CE# Going Low

Address Setup to OE# Going Low

Symbol

teveL

teveL

, 4-128
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5.6 Ac characteristics-Read only operations: COMMERGIAL TEMPERATURE(1)

28F0165A

(Continued)

Vcc: 5.0v t

o @

For Extended Status Register Reads

NOTES:
1. Se€ AC lnput/Output Reference Wavetorms for timing measurements, Figures 7 and B.
2. OE* may be delayed up to kLOV-IGLOV after th€ falling edge of CE# without impact on TELOV-
3. Sampled, not lO0% tested.
4. This timing parameter is used to latch th€ conect BSR data onto the outputs.
5. Device speeds ar€ defined as:

70180 ns at Vcc : 5.0V equivalent to
120 ns at VCC : g.3V

100 ns at Vcc : 5.0V equivalent 1o
1 50 ns at Vcc : 3.3V

6. Se€ AC lnput/OuFut Reference Waveforms and AC Testing Load Circuits for High Speed Test Con{iguration-
7. S€e Standard AC lnput/Output Referenc€ Wavelorms and AC Testing Load Circuit.

0.5v 5.0v I 0.25V, T = 9"6 1e +70"C

Units

ns

ns

ns

ns

NS

ns

ns

ns

ns

ns

ns

ns

100(428F01654-

Max

100

100

550

40

35

35

100

30

Min

100

0

0

28F0165A-080€)

Max

80

80

480

OF

30

30

80

30

5

Min

80

0

0

28FO163A-070(6)

Max

70

70

400

30

ca

25

70

25

Min

70

0

0

0

+

+ 1O1o

Notes

2

2

3

3

3

3

3

Versions(5)

sym Parameter

Read CYcle
Time

Address to
Output Delay

CE# to
Output Delay

RP# to
OutPut DelaY

oE# to
Output Delay

cE# to
Output in
Low Z

CE# to
Output in
High Z

oE# to
OutPut in
Lo*Z

OE# to
Output in
High Z

Output Hold
from
Address,
CE# or
oE#
Change,
Whichever
Occurs First

BYTE# tO
Output

BYTE# Low
to OutPut in
High Z

CE# Lowto
BYTE# High
or Low

tevev

teuov

tpttQv

tolov

telox

tegez

teuox

tggoz

tcn

trLev

tploz

teLrL
tet.rH

Units

ns

ns

28F0165A-100€)

MaxMin

o

0

28FO165A-080(4

MarMin

0

0

28F0165A-070(6)

llaxMin

0

0

vcc + 5"6

V66 t lOoA

Notes

3,4

3,4

Versions(5)

Parameter

Address
Setup to
CE#
Going Low

Address
Setup to
OE+
Going Low

sym

tevEL

teveL

4-1 30

PRtrLIMINARV PRELINfl[NARV 4-131





r

I

LJ

<-re

290489-9

Effis$ff

@(d!

T:E;- is defined as the latt€r of CE6# or GEl * going lirst of CEo# or CEl dt going high'
bw or the

N

@(q

,l 6*s(4

W

Figure 12. ReadTimlng Waveforms

intel. ntef 28r'o16SA
@

28FO165A

€.{gol

6G)

ffilR

sr @84

MT pQ@q

lgz wz

lgZ

290rt89-10

NOTE:
1. CE;rlisdelinedasthelattetofCEg#orCE1*goingloworthefirstofCEo*orCE1ltgoinghigh.

+

Figure 13. BYTE# Timing Waveforms

q
{'

t:,
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insr

5.OV

4.5V
trn

tvut

Valid S-3v OuFuts

valid

l+tma:

3.3V

valid 5.0v outpds

VcC Pow€r-UP

2904A9-'12

ValiJ

trHe.s

tnov

cExl

(A)

Data
(o)

BP*
(P)

3il5*

cf)

v66

(3V,5v)

inbl intel. 28F0165428F016SA

5.7 Power-UP and Reset Timings: COMMERCIAL TEMPERATURE

Figure 14. V6s Power'UP and RP# Reset Waveforms

NOTES:

l-*,",*mffi:{i!i-H:i"*iri'#i.i:},F13*grr,.i#,1"":"11ii';" -::::::":'::d wri'1e speci{ca'lions

2- The Dower suPPlY may stan rc

. ri.:T3a::ffi;s: f,::i#;'dffil* #'tiili5""JI:,1Jff"":s:".:r,f,l::" 
or the 28F016sA 080 Refer

5.8 AC Characteristics for WE#-Controlled Command Write Operations:
Commercial Temperature(1)

Vcc : 3.3V + 0.3V, Te : 0"C to +70'C

d

Unit

ns

ns

Ins
ns

ns

ns

.ns

NS

ns

ns

ns

NS

ns

ns

ts
ns

lrs

lrs

sec

28F0165A.150

Max

100

Note
7

10

I

Min

150

100

480

10

75

75

75

10

10

10

75

0

0

1

120

0

5

0.3

28F016SA-120

Max

100

Note
7

10

Tvp

I

Uin

120

100

480

10

75

75

75

'10

10

10

45

o

0

1

95

0

5

0.3

Verslons

Notes

a

2,6

2,6

2

2

3

4,5

4

Parameter

Write Cycle Time ,.-

Vpp Setup to WE# Going High

RP# Setup to CE# Going Low

CE# Setup to WE# Going Low

Address Setup to WE# Going High

Data Setup to WE# Going High

WE# PulseWidth

Data Hold from WE# High

Address Hold from WE# High

CE# HoldfromWE# High

WE# Pulse Width High

Read Recovery before Write

WE# High to RY lBY # Going Low

RP# Hold from Valid Status Register
(CSR, GSR, BSR) Dataand RY/BY+
High

RP# High Recoveryto WE# Going Low

Write Recovery before Read

Vpp Hold from Valid Status Register
(CSR, GSR, BSR) Data and RY/BY#
High

Duration of Word/Byte Write
Operation

Duration of Block Erase Operation

sym

tvpwtt

tpHeL

teLwL

tnvwu

tovwn

twlwr-t

twuox

twHnx

twHen

twHwL

trsgwt-

twHRt-

tRgpt-

tpxwL

twxor-

towl

twnevr

twsove

NS

ns

ns

ns

ts

ts

ts

Unit

480

80

Max

330

0

500

2

Min

0

3

1

3

2

1

Notes

1Q"/"+5VVccforValidDatatoValidAddress
o"h1t5Vv66forValidDatatoHishRP#

vcc)(3.3VLow#CEtoHighRP#

toCE# Low(5VRP# High

max)3.6V
4.5V minimum
or

at
mln

V66to
3.0vat

Low#
V66

RP
(to

RP# Lowto 7s+ Low (High)

%# Low (Highl to RP# High

Parameter

tvrpu

tpLsv

Symbol

tpuYt-

4-134
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28F016s4

V66 : s.Ov t 0.5v' s.OV + O-25V' Tn : O"Cto +70'C
'''33f*1'.x?:i+:ll?""t:tY5$-, 

j:'lll::i'"dcommandwriteoperations:

ns

NS

ns

ns

NS

ns

ns

ns

ns

NS

ns

ns

Unlt

100

llax

50

10

10

50

50

50

0

480

100

100

Min

28F0165A-100

100

llaxTYP

0

30

10

50

50

50

0

480

100

Min

80

'100

MaxTYP

0

30

10

10

0

40

50

0

50

480

70

100

ilin

28FO15sA'O70

2

2,6

2,6

3

Notes

!5%
a 10%

Low

WE# Highto
RY/BY# Going

Read Recovery
betore Write

WE# Pulse
width

CE# Holdkom
WE# High

Address Hold
fromWE# High

Data Hold from
WE#

WE# Pulse
width

High

Data SetuP to
WE# Going

High

Address Setup
towE# Going

# Going LowWE
CE# SetuP to

RP# SetuPto
CE# Going Low

High

Vpp SetuP to
WE# Going

Parameter

fimeWrite CYcle

twnnl

twuwt-

tGHwL

twHen

twHex

twuox

twrwn

tovwH

tnvwH

teLwl

tpHel

tvpwH

sym

Versions
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5.8 AC Characteristics for WE#-Controlled Command Write Operations:
COMMERCIAL TEMPERATURE(l) (continued)

V66 : 5.0V a 0.5V, 5.0V + 0.25V' T :0"Cto +70'C

NOTES:
CE* is de{ined as the latter of CEo # or QE1lt gcing low or the fkst ot CEo# or GE1 * going high.

1. Read timings during data wite.and block erase are the same as for normal read.
2. Refer to command definition tables tor valid address and data values-
3. Sampled, but not 1o0% tested.
4. Data write/block eras€ durations are measured to valid Stalus Register data.
5. Word/byte wite operations ar€ typically psrfomed with 1 Programming Pulse-
6. Address and data are latched on the rising edge ot WE# for all command write operations.
7. This inlormation will be available in a technical pap€r, Please call lntel's Application Hotline or your local lnt€l sales oflice

tor more information.

l

:

4
I

,,iil

Unit

ns

ps

ns

ts

ts

sec

28F01654-100

Max

Note
7

'10

Tvp

6

llin
0

1

80

0

4.5

0.3

28F0165A{80

Max

Note
7

10

Tvp

6

Itin

0

1

65

0

4.5

0.3

28F0165A-070

Max

Note
7

10

Tvp

6

Iliin

0

1

60

0

4.5

0.3

Ycc + S!]io

Ycc + 1O"/"

Notes

o

4,5

4

Versions

Parameter

RP# Hold
lrom Valid
Status
Register
(csR, GsR,
BSR) Data
and RY/BY
High

#

RP# High
Recovery to
WE# Going
Low

Write
Recovery
before Read

Vpp Hold from
Valid Status
Register
(csR, GSR,
BSR) Data
and RY/BY#
High..

Duration of
Word/Byte
Write
Operation

Duration of
Block Eiase
Operation

sym

tRupt-

tpHwL

twHGr

towr-

twrevl

twsev2
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5.9 AC Gharacteristics for CE# -g661slled Command Write Operations:
Commercial Temperature(1)

@

: 3.3V + 0.3V, T : 0"Cto *7O"C

Figure 15. AC Waveforms for Command Wrlte OPerations
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0
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0

0

1
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0

5

0.3

Notes

J

2,6

2,6

2

2

3

4,5

4

" Parameter

Write Cycle Time

Vpp Setup to CE# Going High

RP# Setupto WE# Going Low

WE# Setup to CE# coing Low

Address Setup to CE# Going High

Data Setup to CE# Going High

CE# Pulse Width

Data Hold from CE# High

Address Hold from CE# High

WE Hold from CE# High

CE# Pulse Width High

Read Recovery before Write

CE# High to RY lBY # Going Low

RP# Hold from Valid Status Register
(CSR, GSR, BSR) Data and RY/BY#
High

RP# High Recovery to OE# Going Low

Write Recovery before Read

Vpp Hold from Valid Status Register
(CSR, GSR, BSR) Data and RY lBY t
High

Duration of Word/Byte Write
Operation

Duration of Block Erase Operation

Versions

sym

tvpeg

tpHwt-

twreL

teveH

toveu

tereg

texox

teHnx

tEHwn

tegeL

teseu

teuRL

tnxpL

hHel
texel

towl

teuovr

teuovz
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28Fo16sA - ihbl.
5.gAcGharacteristicsforCE#-ControlledcommandWriteoperations:-'- 

CoMMEncrnl TEMPERATURE(1) (continuea)

ntel 28Fu165A

4

li''
l
l

i

I

V66 : 5.0V to 0.5V, 5.0 + 0-25V, Te : 0'C to +70'C

@

5.g AC Characteristics for cE # -controlled command write operations:
COMMERCIAL TEMPERATURE(1) (continued)

: 5.0 to 0.5V, 5.0V + 0.25V, Te : 0'C to +70'C

NOTES:
Ci* is denned as the latter ol CEo # or CE1* going low or the first ot CEo# or CE1 # going high.

1. Read timings during data write ind block erase are th€ same as for normal read'

2. Reler to cohmand definition tables Jor valid address and data values'

3. Sampl€d, but not 10Oo/. t€sted.
4. Datawrite/block eras€ durations are measured to valid Status Register data'
5. Word/byte wite operations are typically performed with 1 Programming pulse'

6. Address and data are latched onth€ rising edge of cE* for all command wlite operations.

7. This information will be available in a techiieipaper. Please call lntel's ApPlication Hotline or your lml lntel sales office

for more infomation.
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Notes
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RY/BY# Going
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Data Hold from
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Address Hold
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WE# Holdfrom
CE#

CE# Pulse
Width High

Address SetuP
to CE# Going
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Data Setup to
CE# Going High

CE# Pulse
width

Write Cycle Time

High
to

RP# setup to
wE# Going Low

WE# Setup to
LowcE#

Parameter

tre uel

tennL

tesox

teHex

tEswH

tegel

taveg

toven

teleg

tvpeu

tPHwt-

twreL

sym
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ns

lrs
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lrs
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28F015SA-100
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7
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7
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28F0165A-070
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7
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6
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0

1
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0
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0.3
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Notes
e

4,5
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Versions

Parameter

RP# HOId
from Valid
Status
Register (CSR,
GSR, BSR)
Data and RY/
BY# High

RP# High
Recovery to
CE# Going
Low

Write
Recovery
before Read

Vpp Hold from
Valid Status
Register (CSR,
GSR, BSR)
Data and RY/
BY# High

Duration of
Word/Byte
Write
Operation

Duration of
Block Erase
Operation

sym

tRHpL

tpgEu

teucL

tcwt-

teHovt

tegovz
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5.10 AC Characteristics for Page Buffer write operations: GoMMERCIAL
TEMPERATURE(1)

Figure 16. Alternate AC Waveforms for Command Write Operations

V6q : 3.3V + 0.3V, TA : 0'C to +70'C
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Vcc : 5.0V a 0.5v, s.ov t 0.25V, Ta : O.C to +70"C

!glE3o"o"roasthetatterof-cEs# orCEl# goinglow^orthefirstof cEo# orcEl# goinghigh'

.r rhes are wE # _conrroil"o *,lJ,iilrig-"1 "q""i"i"dl 
cE # -controlled write timings aPplv'

3. i:np:s,mi,1111J1ffi1ff13fi. entire wE# row purse or the entire cE# low pulse ror cE*'controrred writes'

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

unit

ns

lraxTvp

80

50

0

10

0

10

50

50

0

Min

100

0

28FO165A-100

ilax

65

o

10

30

0

50

o

50

80

0

28FO16sA-o80

MinMax

60

30

0

10

0

10

40

0

50

70

0

28F0165A-070

Min

2

2

3

Notes

Write Recovery be{ore
Read

Read Recovery before
Write

CE# HoldfromWE#

widthWE# Pulse
High

Data Hold {rom WE#

Address Hold from
WE# Hish

Data Setup to WE#
High

WE# Pulse

Address SetuP to
WE# Going Low

Parameter

TimeWrite

CE# SetuptoWE#
Low

tregwl

twneu

twHwr-

twnex

twHeH

twsox

town

teuwr

tewt-

Versions

sym

4-144
PRELIMINARV PRELIMINARV 4-145

nt€fntel @

z8F0165A

Buffer Write Operations: COMMERCIAL

@

Figure 17. Page Bufler write Timing waveforms (Loading Data to the Page Buffer)
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Write Performance' Gycling Performance and

@

6.0 DERATING CURVES

Figure 18. lcc vs. Frequency (Vcc : 5.5V)
tor xB or x16 Operation
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I

rcc f.*"

792n.
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Figure 19. lss during Block Erase

2eF0165A

Figure 20. lcc vs. Frequency (Vcc : 3.6V)
fof x8 or x16 Operation
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Figure 21. lpp during Block Erase
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Test Conditions

Write Mode

Word Write Mode
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sec
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Note 6

Note 6

Note 6

2.1

1.0

10

3.26

6.53

I
0.6

25.6

7-o

10.0

1,000,000

Min

100,000
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Write 2,4
Page Buffer BYte

llme
Page BufJer Word Write 2,4

Time
WriteTime 2

2
Block Write Time

Block Write Time 2

Block Erase Time 2

Erase Time 2
Full ChiP

Erase Suspend Latency

Time to Read

Auto Erase Suspend
Time to Write
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q

)
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r
I
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5
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Write Mode

Word Write Mode

ConditionsTest
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Page Buffer Word Wri:e

Time
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Page Buffer BYte Write

Time
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Figure 23. lpp during Word Write Operation

@

7.0 MECHANICAL SPECIFICATIONS FOR TSOP

Fig$e 22. Access Time (tAcc) vs' Output Loading

OETAIL 8

0

stt DatArr A

otTAt I OE]AIL A

290449 -24

Figure 25. Mechanical Specifications of the 28F016SA 56-Lead TSOP Type 1 Package

Family: Thin Small Outline Package
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Figwe 24. lpp during Page

Bufler Write OPeration
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8.0 MECHANI CAL SPECIFICATIONS FOR SSOP

Figure 25. Mechanical Specitications of the 56-Lead SSOP Package

9.0 DEVICE NOMENCLATURE AND ORDERING INFORMATION

DFTAIL A

SEE DETAIL A

56+ead Shrink Small Outline Package (SSOP)

2904a9-32

D1

EO

070AS610FB2AD
tl

I

DA = COMMERCIALTEMPERATURE
56.LEAD SSOP

E = COMMERCIAL TEMPEHATURE
56-LEAD TSOP

+
ACCESS SPEEO

70 ns
10O ns

29048S-2S

Valid Combinations

Vcc:5.0V1595,
30 pF Load

E28F016SA-070

DA28F0165A-070

vcc: 5.0V t 10%'
100 pF Load

E28FO165A-080

E28F0165A-100

DM8F01654-080

DA28F0165A-100

Vgs:3.3V10.3V,
50 pF Load

E28F0165A-120

E28F0165A-150

DM8F0165A-120

DA28Fo'|65A-150

Order Code

E28F0165A-070

E28FO165A-1oO

DA28F016SA-070

DA28F0165A-100

Option

1

2

3

4

Notes

0.85
0.10
1.50

5

24.OO

13.50

16.30

1.90

1.38

0.40

0.20

1.40

0.80

16.000
56

0.80

'1.28

0.30
0.15

23.70
13.30

1.80

1-30A3

13.10E

e
15.70D

N
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A
o.47A1
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0-13c
23.40D1

llaximumMinirnumSymbol
Millimeters
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1O.O ADDITIONAL INFORMATION
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10.2 Revision History
Description

Original Version

-Added 56-Lead SSOP Package
---separated Ac Reading Tming specs t4vs1, t4y61 for Extended status Register Reads
-+\4odified DEVICE NOMENCLATURE

-Added 
ORDERING INFORMATTON

-Added 
Page Buffer Typical Write Performance numbers

-Added 
Typical Erase Suspend Latencies

-For 1699 (Deep Power-Down cunent) BYTE# must be at CMOS levels

-Added 
SSOP package mechanical specifications

-Flevised 
document status from 'Advanced lnformation', to "Preliminary"

-section 
5.11: Renamed specification "Erase suspend Latency Time to write,' as .?uto Erase

Suspend LatencyTime to Write"

-Section 5.7: Added specifications tpsg6, tpgEl_5

-TSOP dimension A1 : 0.05 mm (min)

-SSOP dimension B : 0.40 mm (max)

-Minor cosmetic changes

Number

001

oo2

003




